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ACTIVE DRIVEN WHEEL LIFT 
IDENTIFICATION FOR AN AUTOMOTIVE 

VEHICLE 

RELATED APPLICATIONS 

The present application is a continuation-in-part of US. 
patent application Ser. No. 10/604,398 ?led Jul. 17, 2003, 
now US. Pat. No. 7,302,331, Which is a continuation-in-part 
ofU.S. patent application Ser. No. 10/608,909 now US. Pat. 
No. 7,109,856, ?led Jun. 27, 2003, and claims priority to 
provisional application 60/449,979 ?led Feb. 26, 2003, Which 
are all incorporated by reference herein in their entireties. The 
present application is related to US. provisional applications 
60/400,376 ?ledAug. 1, 2002, 60/401,416 ?ledAug. 5, 2002, 
and 60/487,716 ?led Jul. 16, 2003, and US. Pat. No. 7,194, 
351 ?led Jun. 30, 2003, US. Pat. No. 6,963,797 ?led Jul. 28, 
2003, US. Pat. No. 7,079,928 ?led Feb. 11, 2003, and US. 
patent application Ser. No. 10/628,632 ?led Jul. 28, 2003 
(abandoned), US. patent application Ser. No. 10/628,484 
?led Jul. 28, 2003 (abandoned), and US. patent application 
Ser. No. 10/735,133 ?led Dec. 12, 2003, the disclosures of 
Which are incorporated by reference herein in their entireties. 

TECHNICAL FIELD 

The present invention relates generally to a dynamic 
behavior control apparatus for an automotive vehicle, and 
more speci?cally, to a method and apparatus for determining 
Whether a Wheel of an automotive vehicle has lifted from the 
pavement or become grounded after being lifted from the 
pavement particularly for driven Wheels. 

BACKGROUND 

Dynamic control systems for automotive vehicles have 
recently begun to be offered on various products. Dynamic 
control systems typically control the yaW of the vehicle by 
controlling the braking effort at various Wheels of the vehicle. 
By regulating the amount of braking at each comer of the 
vehicle, the desired direction of the vehicle may be main 
tained. 

Typically, the dynamic control systems do not address roll 
of the vehicle. For high pro?le vehicles in particular, it Would 
be desirable to control the rollover characteristics of the 
vehicle to maintain the vehicle position With respect to the 
road. That is, it is desirable to maintain contact of each of the 
four tires of the vehicle on the road. 

Vehicle rollover and tilt control (or body roll) are distin 
guishable dynamic characteristics. Tilt control maintains the 
body on a plane or nearly on a plane parallel to the road 
surface. Rollover control is used to maintain the vehicle 
Wheels on the road surface. 

Such systems typically use position sensors to measure the 
relative distance betWeen the vehicle body and the vehicle 
suspension. One drawback to such systems is that the distance 
from the body to the road must be inferred. 

It Would therefore be desirable to provide a rollover detec 
tion system having reduced costs and increased reliability in 
predicting the occurrence of a rollover. 

SUMMARY OF THE INVENTION 

It is therefore one object of the invention to provide a lift 
detection system that may be used in conjunction With the 
dynamic stability control system of the vehicle to determine 
the presence of Wheel lift and Wheel grounded. 
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In one aspect of the invention, a method of controlling an 

automotive vehicle includes determining a Wheel departure 
angle, determining a driveshaft torque, When the Wheel depar 
ture angle is greater than a Wheel departure threshold and the 
driveshaft torque is less than a driveshaft torque threshold, 
performing an active Wheel lift determination on a Wheel, and 
When the Wheel departure angle is less than a Wheel departure 
threshold and the driveshaft torque is greater than a driveshaft 
torque threshold, suppressing an active Wheel lift on a Wheel. 

In a further aspect of the invention, a method of operating 
an automotive vehicle includes determining a predetermined 
condition, in response to the predetermined condition enter 
ing a Wheel lift determination, continuing the Wheel lift deter 
mination When a Wheel lift suspected ?ag is true, a lifted 
status is true or a transient ?ag is false. 

In yet another aspect of the invention, a method of operat 
ing an automotive vehicle includes determining a predicted 
change in Wheel speed, measuring an actual change in Wheel 
speed of the vehicle, and determining a lifted condition by 
comparing the predicted change in Wheel speed and the actual 
change in Wheel speed. 
One advantage of the invention is that in vehicles employ 

ing a dynamic stability control system, additional sensors 
may not be required. Another advantage is that the operating 
conditions may be taken into consideration so that Wheel lift 
on a driving Wheel may be determined. 

Other objects and features of the present invention Will 
become apparent When vieWed in light of the detailed descrip 
tion of the preferred embodiment When taken in conjunction 
With the attached draWings and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial cutaWay vieW of an automotive vehicle 
having a Wheel lift identi?cation system according to the 
present invention. 

FIG. 2 is a How chart of a Wheel lift identi?cation system 
according to the present invention. 

FIG. 3A is a plot of pressure versus time for a Wheel lift 
identi?cation system according to one embodiment of the 
present invention. 

FIG. 3B is a plot of Wheel speed versus time for a Wheel lift 
identi?cation system according to one embodiment of the 
present invention. 

FIG. 4 is a simpli?ed schematic vieW of a vehicle utiliZing 
Wheel lift determination. 

FIGS. 5A and 5B are high level How charts ofone embodi 
ment of active Wheel lift detection according to the present 
invention. 

FIGS. 6A and 6B are How charts of one embodiment of a 
build cycle according to the present invention. 

FIGS. 7A and 7B are How charts of one embodiment of a 
release cycle according to the present invention. 

FIG. 8 is a high level How chart of an ABS monitor mode 
according to the present invention. 

FIG. 9 is a How chart of active driven Wheel lift according 
to the present invention. 

FIG. 10 is a How chart of determining a predicted Wheel 
speed change for the method of performing active driven 
Wheel lift of FIG. 9. 

FIG. 11 is a How chart of a method for determining a 
lifted/non-lifted state for each of the Wheels of the vehicle. 

DETAILED DESCRIPTION 

The present invention is described With respect to a Wheel 
lift identi?cation system for an automotive vehicle. Those 
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skilled in the art Will recognize that the present invention may 
be incorporated into a rollover prevention system for an auto 
motive vehicle. Also, various threshold and other numerical 
values are set forth herein by Way of example. These values 
are not meant to be limiting unless speci?cally claimed. Also, 
loops refer to loops implemented in softWare. Loops corre 
spond to the time of the loops. A loop may, for example, be 
5-20 ms. 

Referring noW to FIG. 1, an automotive vehicle 10 has a 
plurality of Wheels 12, tWo of Which are shoWn as elevated 
above a road plane 14. A roll control system 16 is included 
Within vehicle 10. The roll control system 16 is used to coun 
teract the lifting of Wheels 12 from road plane 14 as Will be 
further described beloW. Roll control system 1 6 includes a roll 
controller 18 that is preferably microprocessor based. Roll 
controller 18 may be part of a dynamic stability control sys 
tem of the automotive vehicle 10. Roll controller 18 is 
coupled to a torque control system 20 that is used to control 
the torque of the Wheels 12. Although torque control system 
20 is illustrated as a separate item, torque control system 20 
may be included in roll controller 18 Which may in turn be 
included Within a dynamic stability control system. Such a 
system may also have an antilock brake controller incorpo 
rated therein. Torque control system 20 may act in conjunc 
tion With the electronic engine controller, a driveline engage 
ment mechanism or braking system, or a combination of these 
to control the torque at one or all of the Wheels 12. Torque 
controller 20 and roll controller 18 may be coupled to Wheel 
speed sensors 22 located at each of the Wheels 12. Wheel 
speed sensors 22 provide roll controller 18 With a signal 
indicative of the speed of the individual Wheel to Which it is 
attached. Various types of Wheel speed sensors including 
toothed-Wheel type systems Would be evident to those skilled 
in the art. 

Other sensors 24 may be coupled to roll control system 16. 
For example, roll angle sensors, steering Wheel angle sensors, 
yaW rate sensors, and other sensors may be incorporated 
therein. Other sensors 24, as Will be further described beloW, 
may be used to identify a condition suitable for the potential 
of Wheel lift. Such a condition may initiate further action by 
roll control system 16 to verify Wheel lift. 

In the folloWing example, the application of brake pressure 
is used to provide the change in torque. HoWever, other meth 
ods such as applying engine torque may also be used to 
change the amount of torque at a Wheel. Further references to 
the application of torque to a Wheel may include hydraulic or 
electric brake torque, changes in engine torque or engage 
ment of driveline torque through the use of an electronically 
controlled transfer case, differential, transmission or clutch. 
The present invention may also be used to determine if a 
sensor has failed in the roll control system 16. That is, if roll 
is suspected by a particular sensor, but all other conditions or 
sensors indicate otherWise, the sensor may be operating 
improperly. Also, although speed is used, Wheel acceleration 
may also be used in place of speed as Would be evident to 
those skilled in the art. 

Referring noW to FIG. 2, in step 30, if a roll sensor failure 
is suspected or in step 32 if Wheel lift is suspected by the roll 
control system 16, block 34 initiates the Wheel lift determi 
nation process. In step 36, torque is applied to the Wheel 
suspected of lifting and the Wheel speed at the suspected 
Wheel is stored. In step 38 the torque is increased by applying 
a test pulse of torque to the suspected Wheel. Torque is applied 
until a torque threshold (Torque_Max) is achieved. In step 40, 
if the torque is greater than the Torque_Max, the torque is held 
constant in step 42. In step 44, if the time as counted by the 
Build_Counter is greater than a predetermined time, step 46 is 
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executed in Which the torque is released and the Wheel speed 
at the initiation of the release of torque is stored. In step 44, if 
the counter is not greater than the predetermined hold time, 
the counter is incremented in step 48.After step 48 the change 
in Wheel speed is compared to a predetermined change in 
Wheel speed. If the Wheel speed change is not greater than a 
predetermined speed in step 50, steps 38-44 are again 
executed. If the Wheel speed change is greater than a prede 
termined speed, this indicates a lifted Wheel. In this case, step 
52 is executed in Which a Wheel lift status ?ag is set. After step 
52, step 54 is executed in Which the build counter is reset. 

Referring back to step 40, if the torque is not greater than 
the torque threshold then step 50 is executed. 

Referring back to step 46, after the Wheel speed is recorded 
after the torque release, step 56 is executed. In step 56 torque 
is released. After step 56, step 58 is implemented in Which the 
Wheel speed change is compared to a reacceleration thresh 
old. The reacceleration threshold is a predetermined value 
that corresponds to a Wheel speed change that should be 
achieved should Wheel contact be reestablished. The Wheel 
speed change is determined from the time that the torque Was 
released. If the Wheel speed change is greater than a reaccel 
eration threshold or if the Wheel lift status from step 52 is Zero, 
Wheel contact is assumed. In such a case the traction level 
may be calculated in step 60. If the Wheel speed does not 
increase over the reacceleration threshold, then the Wheel lift 
status is con?rmed beginning With step 70. 

Referring back to step 58, if the Wheel speed is less than the 
reacceleration threshold, step 62 compares the Dump_ 
Counter to a predetermined dump time. If the predetermined 
dump time is greater than the Dump_Counter, then the 
Dump_Counter is incremented in step 64 and steps 56 and 58 
are again executed. If the Dump_Counter is greater than the 
predetermined dump time, then the Wheel lift status ?ag is set 
in step 66 and the Dump_Counter is reset in step 68.After step 
68, the process is reinitiated and returns to step 36. 

Returning back to step 60, the traction level is calculated in 
step 60. After step 60, the plausibility of a sensor failure is 
determined. If, for example, the process Was initiated based 
on the suspicion of a sensor failure from block 30 above and 
no Wheel lift Was detected, a sensor failure is indicated in step 
72. For either result, if a sensor failure is indicated by block 70 
or not indicted, the build counter and Dump_Counter are 
cleared in block 74 and the Wheel lift status is cleared in block 
76. The end of the routine occurs in block 78. 

Thus, as can be seen, the application of torque can be used 
to ?rst determine Whether a suspected Wheel has lifted from 
the pavement. For con?rmation, the removal of the torque and 
the resulting Wheel speed change may be used to con?rm the 
initial ?nding. Advantageously, the system may be imple 
mented in a dynamic stability system of an automotive 
vehicle Without adding further sensors. If rollover is detected, 
then the rollover can be corrected by applying the brakes or 
generating a steering correction. 

Referring noW to FIG. 3A, various lines 90, 92, 94 are 
illustrated during the build time to illustrate the variation in 
pressure of the braking system due to Wear and other effects 
of the brakes. Lines 90, 92, 94 have little effect on the overall 
operation of the system. Thus, the thresholds and parameters 
are selected so that the system is robust to Wear and system 
variation. The maximum pressure pmax is reached and main 
tained for a hold time (such as set forth in step 42 above) until 
it is released. 

Referring noW to FIG. 3B, a plot of Wheel speed corre 
sponding to the various times is illustrated. As shoWn, the 
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Wheel speed of a loaded Wheel is illustrated by line 96, Which 
is higher than the Wheel speed of a lifted Wheel illustrated by 
line 98. 

Referring noW to FIG. 4, automotive vehicle 10 includes 
Wheel speed sensors 22 that are coupled at each Wheel 12. 
Each Wheel also has brakes that are hydraulically coupled to 
a brake system 104 through hydraulic lines 106 and 108. 
Hydraulic lines 106 are coupled to the front brakes and form 
a front brake circuit, and hydraulic lines 108 are coupled to 
the rear brakes forming a rear brake circuit. Many vehicles are 
manufactured in such a con?guration in Which the front 
Wheels and rear Wheels are on different brake circuits. Brake 
system 104 may include an anti-lock brake system controller 
110. The anti-lock brake system controller 110 is knoWn in 
the art. The anti-lock brake system controller 110 may be an 
integral part of brake system 104 or a separate component. 
The anti-lock brake system controller 110 builds pressure in 
the Wheels and in response thereto prevents the Wheel from 
locking by releasing the brake pressure thereto. 
A rollover stability control system controller 18' is coupled 

to brake system 104. The rollover stability control system 
controller 18' may command brake system 104 to provide 
hydraulic pres sure to a front Wheel (or rear Wheel) to prevent 
the vehicle from rolling over. 

It is desirable to alloW the roll stability control system to 
have the full capacity of the hydraulic brake actuation system 
during severe roll maneuvers. As described above, the Wheel 
lift detection system may apply brakes to change the torque in 
a tire to detect Whether a Wheel is lifted. In the ?rst embodi 
ment of the invention, the Wheel lift pressure request is sup 
pressed on a Wheel When there is a large pressure requested on 
the other Wheel of the same hydraulic circuit. That is, When a 
large roll control pressure request is generated for the same 
hydraulic circuit, it is desirable to suppress the Wheel lift 
pressure request. 
A brake pedal 112 is also coupled to brake system 104. 

Brake pedal 112 provides the system With an indication as to 
the amount of brake pres sure desired by the vehicle operator. 

Vehicle 10 may also include an engine/transmission 114. 
The engine and transmission may be referred to as the poW 
ertrain. Engine and transmission 114 may be coupled to a 
poWertrain controller 115. PoWertrain controller is preferably 
microprocessor-based. PoWertrain controller may also be 
coupled to RSC system controller 18". The engine and trans 
mission may be coupled to various differentials 116 through 
driveline 117. For example, differentials may include a rear 
differential 116R, a center differential 116C, and a front dif 
ferential 116D. In an all Wheel drive vehicle, all three differ 
entials may be present. In a 4x4 or torque on demand vehicle, 
differentials 116R and 116F Without 116C may be present. In 
a 4x2 vehicle, only differential 116R may be present. The 
engine/transmission 114 may have a transmission that 
includes a torque converter that is not shoWn. The torque 
converter may have a gear ratio corresponding to the trans 
mission. Further, the front differential and rear differential 
may be coupled to front axles 117F and 177R. The axles may 
also have a gearing ratio associated thereWith. 

Non-Driven Active Wheel Lift 

FIGS. 5-8 describe a method that may be used for active 
Wheel lift for non-driven Wheels. Some of the concepts may 
be used in a Wheel lift determination for driven Wheels. In step 
120 i is an array index that refers to each of the Wheels of the 
vehicle. That is, each of the Wheels of the vehicle is labeled 0 
through 3 (LF, RF, LR, RR, respectively). The folloWing 
method may be run simultaneously or sequentially on each of 
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6 
the Wheels of the vehicle to determine Whether the Wheels 
have lifted. In the present example, the determination of 
Whether a Wheel has lifted is performed sequentially. i is 
initially 0 and is incremented in the folloWing method. In step 
120 ifi is less than 4, step 122 is executed. In step 122 Whether 
or not to run Wheel lift detection is determined. As described 
above, the lift suspected ?ag is generated from the various 
sensors When the dynamics indicate that a Wheel lift may be 
impending. In step 122, if the conditions are not met to run lift 
detection, step 124 is executed in Which the Wheel lift opera 
tion is exited for that Wheel. In step 126 a counter is incre 
mented to proceed to the next Wheel. 

Referring back to step 122, if the conditions are not not 
valid (valid), step 128 is executed. In step 128 if lift detection 
Was not run during the last loop step 130 initialiZes the system 
for a build cycle. To initialiZe the system the ?ags and timers 
are initialiZed, caliper pressure is applied, and the Wheel 
speeds are initialiZed. The system returns to step 126 after 
step 130. In step 128 if the lift detection Was run during the 
last execution loop, step 132 is executed. In step 132 if the 
conditions require exit of lift detection in step 132, step 134 is 
executed after Which step 126 is executed. In step. 132 if the 
conditions do not require exit of the lift condition, step 126 is 
executed Without the exit process, so Wheel lift Will continue 
on that Wheel in the next execution. 

Referring back to step 120, if the Wheel lift detection is run 
for each of the Wheels (Where i:4) step 140 is executed in 
Which the Wheels are determined if they are in a lift detection 
mode. If no Wheels are in a lift detection mode step 142 is 
executed in Which the system is exited. In step 140 if any of 
the Wheels are in lift detection mode the counter i is checked 
in step 144. If the counter is not less than 4, step 142 is 
executed. If the counter is less than 4, step 146 is executed. In 
step 146 if the system is in a lift detection operation With no 
drive torque applied, step 148 is executed. In step 148 it is 
determined if the pressure request is large on the control 
Wheel that is on the same hydraulic circuit as a lifted Wheel. If 
this is the case, step 150 is executed in Which the Wheel lift 
pressure increase is inhibited for that Wheel. That is, if the roll 
control system is trying to prevent rollover, the Wheel lift 
pressure request is suppressed if a roll control pressure 
request is applied to a Wheel on the same hydraulic circuit. 
When the request drops beloW a second threshold the Wheel 
lift pressure request suppression may be discontinued. The 
suppression may also be discontinued during a stable roll 
motion. 

Referring back to step 148, if the pressure request on the 
control Wheel is not large on the same hydraulic circuit or the 
pressure increase is inhibited in step 150, step 152 is executed 
in Which the reacceleration reference velocity is updated. The 
reacceleration reference velocity is the Wheel speed variable 
that is monitored throughout the entire execution of the Wheel 
lift detection algorithm. It is equated to the Wheel speed 
during deceleration. When the Wheel speed increases, the 
reacceleration reference velocity is increased at a ?xed rate 
that represents the minimum Wheel acceleration that repre 
sents contact With the ground. Separate thresholds are used to 
compare the Wheel acceleration to the reacceleration refer 
ence velocity during the build and release cycles. In step 154, 
if the caliper pressure estimate is greater than the lift pressure 
request plus the threshold in step 154, and in step 156 if the 
driver is braking, step 158 is executed in Which the initial 
Wheel speed is set to the current Wheel speed, the Wheel lifted 
status is set to false, and the ABS monitor active is set to true. 

Referring back to steps 146, 154, 156, and 158, if in step 
146 the system is not in a lift detection operation With no drive 
torque applied, or in step 154 if the caliper pressure estimate 
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is not greater than the lift pres sure request plus the threshold, 
or the driver is not braking in step 156 or after step 154, the 
system continues in step 160 to determine Whether or not the 
lift build is active. If the lift build is active, the build cycle is 
run in step 162. The build cycle Will be further described 
beloW. After the build cycle is run, step 164 is executed in 
Which the timers or ?ags are checked. If the timers or ?ags 
indicate an exit of a build cycle in step 164, step 166 is 
executed in Which the possibly grounded ?ag is set if the 
exiting is due to the timing out of the build cycle. After 166, 
step 168 is executed in Which the build active ?ag is cleared, 
the timers are reset, the caliper pressure is removed and the 
initial Wheel speed is set to the current Wheel speed. In step 
164 if the timers or ?ags do not indicate exit of the build cycle 
the Wheel index is incremented in step 174 to run step 144 on 
the next Wheel. If the lift build is not active in step 160, step 
170 is executed in Which the release timers are checked. If the 
release timers are greater than 0 the release cycle is executed 
in step 172. The release cycle Will be further described beloW. 
After step 172 step 174 is executed Which increments the 
Wheel counter. After step 174, step 144 is executed. Referring 
back to step 170, if the release timers are not greater than 0 the 
system determines Whether or not the ABS monitor ?ag is 
active in step 180. In step 180 if the monitor ?ag is active, the 
ABS monitor mode is run in step 182. After the ABS monitor 
is run step 174 is executed. In step 180 if the ABS monitor 
mode is not active, the system step 174 is executed. 

Referring noW to FIGS. 6A and 6B, the build cycle from 
step 162 is described in further detail. A lift timer is decre 
mented for each Wheel While it is running in the build cycle. 
In step 202 the lift timer for the Wheel, if it is greater than 0, 
is decremented in step 204. If the lift timer is not greater than 
0, step 206 is executed. If the lift pressure has been reached 
and is operating, step 208 is executed in Which the build timer 
is again decremented. The Lift_Build_Timer monitors the 
length of time that the lift build pressure has been applied. 

Referring back to step 206, if the lift build pressure is not 
reached or the lift build timer is equal to Zero, step 210 is 
performed. In step 210 if the brake pressure estimate is 
greater than the lift pressure hold threshold then step 212 is 
executed in Which the lift detect pressure is set to the lift 
pressure threshold and the lift pressure reached ?ag is set to 
true. After step 212 and after step 208, or if the conditions in 
step 210 are not met, step 214 is executed in Which it is 
determined Whether or not the Wheel velocity is increasing. If 
the Wheel velocity is increasing, step 216 is executed in Which 
the initial Wheel speed is set to the Wheel velocity and the 
initialiZed build timer is set to its maximum calibrated value. 
This alloWs the system to capture the maximum or peak Wheel 
speed since the Wheel speed may continue to rise for a short 
amount of time after the build cycle is initiated. 

Referring back to step 214, if the Wheel velocity is not 
increasing, step 218 is executed in Which the Wheel decelera 
tion is compared to a calibrated threshold. This may also be 
performed by determining a drop in Wheel speed from the 
initial Wheel speed and comparing it to a threshold. If the 
Wheel deceleration (or drop in Wheel speed) is greater than the 
calibrated threshold a possibly lifted Wheel ?ag is set in step 
220, the lifted on build ?ag is set in step 222, and in step 224 
the end build cycle is performed. After step 224, step 226 is 
executed in Which the release cycle is entered. The release 
cycle Will be further described beloW. 

Referring back to step 218, if the Wheel deceleration is not 
greater than the calibrated threshold step 230 is executed in 
Which the difference betWeen the Wheel speed and reaccel 
eration reference velocity is compared to a second calibrated 
threshold. If the difference betWeen the Wheel speed and the 
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8 
reacceleration reference velocity does exceed a second cali 
brated threshold, an absolutely grounded ?ag is set in step 
232, a lift_on_build signal is set to false in step 234. In step 
234 the lifted status ?ag is also set to false and the build cycle 
is ended in step 236.After step 236 the release cycle is entered 
in step 226. 

Referring back to step 230, if the difference betWeen the 
Wheel speed and reacceleration is not exceeding a second 
threshold, step 238 is executed. In step 238, the slip ratio of 
the Wheel is determined. In step 240, if the slip ratio is greater 
than a small negative value and the Wheel speed is increasing 
and the target pressure has been reached for a speci?c time, 
step 242 is executed in Which a possibly grounded ?ag is set 
and the build cycle is ended. After step 242, step 226 is 
executed in Which the release cycle is performed. 

Referring back to step 240, if the slip ratio is not greater 
than a small negative value, or the Wheel speed is not increas 
ing or the target pressure has not been reached for a speci?c 
time, step 244 is executed. In step 244 if the pressure increase 
inhibit is set or the lift not suspected ?ag is set and the pressure 
is less than half the target pressure, step 246 is executed in 
Which the lift monitor ?ag is set to be active and the build 
cycle ends in step 248. After step 148, step 226 enters the 
release cycle. 

Referring back to step 244, if the target pressure is not less 
than half the target pressure or the pressure increase inhibit is 
set or the lift not suspected ?ag is set, then step 250 is executed 
in Which the slip is determined. If there is a large negative slip 
step 252 is executed in Which the deep slip active ?ag is set 
and a lift monitor active ?ag is set. Thereafter, step 254 ends 
the build cycle and the release cycle is entered in step 226. In 
step 250 if there are no large negative slips step 256 is 
executed in Which the system returns to step 126 of FIG. 5A. 

Referring noW to FIG. 7A the release cycle is described in 
further detail. In step 270 the build active ?ag is set to false 
and the build timer is cleared. In step 272 the lift timer is reset 
and the release timer is also reset. In step 274, the initial Wheel 
speed is set to the current Wheel speed. In step 276, the caliper 
pressure is removed. It should be noted that steps 270-276 
may correspond to step 168, and may only be run once in the 
?rst execution of a given period of successive operations of 
the release cycle. Steps 270-276 are run for each instance of 
end build cycle in FIGS. 6A and 6B (Step 224, 236, 242, 248 
and 254) The release cycle is started in step 280. In step 282, 
the lift timer is decremented and the release timer is also 
decremented. In step 284, it is determined Whether the Wheel 
is decelerating. If the Wheel is decelerating, the initial Wheel 
speed is set to the current Wheel speed in step 286 and the 
release timer is reset in step 288. In step 284 if the Wheel is not 
decelerating and after step 288, step 290 is executed in Which 
the Wheel acceleration is compared to a calibration threshold. 
The Wheel acceleration may also be determined as the differ 
ence betWeen the Wheel speed and reacceleration reference 
velocity. If the acceleration is greater than a calibration 
threshold, step 292 is executed in Which an absolutely 
grounded ?ag is set. In step 294, the ?ags are reset to false. 
After step 294, step 296 is executed in Which the release active 
?ag is set to false. 

Referring back to step 290, if the acceleration is not greater 
than a calibrated threshold then step 300 is executed. In step 
300 if there is a small increase in Wheel speed or the slip is 
greater than a threshold step 302 is executed in Which a 
possibly grounded ?ag is set and the reset ?ag is set to false. 
After step 302, step 296 is executed. 

Referring back to step 300, if there is not a small increase 
in Wheel speed or the slip is not greater than a threshold, step 
304 is executed. In step 304, it is determined Whether the 










































